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COMPLETE SPECIFICATION 

Electrically Conductive Arrangements capable of Exhibiting the 
Thermo-electric or Peltier Effect 



We, Siemens & Halske Aktiengesell- 
SCHAFT, a German Company of Berlin ana 
Munich, Germany, do hereby declare the ln- 
_ vention, for whichj ve pray Aatipatent may 

5 be granted to us, and the method by which, 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 
This invention relates to electrically co n- 
capable of exhibiting 

10^dg^^ift.drrrrir nr. PrltifrH?ffFrtr~ 
"Forthe technical utilisation of the thermo- 
electric effect (Seebeck^effect) as well as for 
the utilisation of the reversed effect, the so- 
called Peltier-effect, the necessity arises again 

15 and again, to prodtjcs-^nateri^^ 

rn^n^tj-^ 3 ^ ^ 1 * 1! ""d rne C J €C ; 

-trlnil rnnlu^tiviTy aa a ^hcm al^aBGg of winch 
are as la rgejs, .pnssiMfw 
"THsSowa to make the heat conductivity 

20 small by using for instance materials with a 
small modulus of elasticity, i.e. materials con- 
sisting of heavy atoms and ions. A low con- 
ductivity of heat is also to be expected for 
crystals with a large coefficient of thermal 

25 expansion. Moreover, crystals are known in 
which the heat conductivity has been reduced 
by the introduction of neutral atoms or by 
the formation of mixed crystals. Through the 
difference in the wavelength of electrons and 

30 the so-called phonons, which correspond to 
the grid oscillation propagated in the crystal 
in the same way as photons to the light waves, 
only photons are diffracted by suitable inr 
homogeneities in the grid, whereas the mobility 

35 of the electrons, and therefore the electrical 
conductivity of the substance, remains prac- 
tically unchanged. . 

In the substances known so far one obtains, 
therefore, the required low thermal conduc- 

40 tivity by a suitable choice of, or control over, 
the crystal grid, respectively. The invention 
proposes a totally new method of utilising 
the wave-mechanical tunnel effect. 
The invention consists in an electrically 

[Pnce 4s. 6d.] 



conductive arrangement including two elec- 
trically conductive members in mutual contact 
and capable of exhibiting the thermo-electric 
or Peltier effect, at least one of which members 
consists of a substanceT induding a plurality 
of particles separated by, and in contact with, 
a material normally electrically insulating or 
electrically poorly conductive, wherein the 
particles consist of a semi-conductor material 
doped with an impurity and wherein the spac- 
ing between the particles is such that whereas 
the thermal conductivity of at least that por- 
tion of the material located between the 
particles remains substantially constant the 
said portion is electrically conductive to an 
extent greater than that corresponding to the 
specific conductivity of the material, and 
wherein the Lorenz number of the substance 
is low compared with the Lorenz number of 
the particles. 

The term " semi-conductor " is used herein 
to define a class of crystalline substances hav- 
ing a valence band fully occupied at absolute 
zero temperature and an intrinsic conduc- 
tivity band unoccupied at absolute zero tem- 
perature (said bands being separated by a 
prohibited zone), wherein at working tempera- 
tures electrons migrate from the valence band 
to the intrinsic conductivity band to make the 
substance intrinsically conductive, or from the 
valence band to impurity levels to make the 
substance p-conductive, or from impurity 
levels to the intrinsic conductivity band to 
make the substance t«onductive. 

A more detailed description of preferred 
embodiments of the invention is given in the 
following description. 

Referring now to Figure 1, a potential wall, 
assumed here to be rectangular, is repre- 
sented, as it is known from the physics of 
the nucleus of the atom. The energy E is 
the ordinate, and the co-ordinate of the locus 
r is the abscissa- A particle of energy Eo 
which is insufficient to pass over the potential 
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wall, can pass through this wall with a certain 
probability; it can do this the easier, the 
smaller the thickness d of the potential waH. 
Penetration of the potential wall can just be 
5 achieved if its thickness d lies in the order 
of mapitude of the mass wavelength of the 
panicle moving towards the wall. 

The basic idea of the invention is illustrated 
• U "^ ure 2* A* 1 arrangement is shown which 
10 is~ composed of two electrically conductive 
elements in particular two semi-conductor 
elements, and an electrically insulating or elec- 
trically poorly conductive intermediate layer, 
with the characteristic that the intermediate 
15 layer has a thickness of approximately 5 to 
100 A units, so that electrical conductivity 
occurs between the two electrically conductive 
elements 1 and 3 on account of the wave- 
^ mechanical tunnel effect, ue. that the elec- 
20 tricai conductivity of the intermediate layer 
2 is considerably larger than that correspond- 
ing to the specific conductivity of the inter- 
mediate layer, whereas its heat conductivity, 
remains practically unchanged. Particles 
25 which come from 1 or 3, come up against a 
potential wall caused by the intermediate layer 
2 of thickness a, through which electrons 
with a wavelength cf the order of magnitude 
of 100 A units may readily pass. 
30 Phoncns, however, the wavelength of which 
is of the order of a few grid constants ue. 
of about 10 A units, will also penetrate this 
layer if the thickness thereof is at the lower 
of the said values since the probability with 
35 which phonons can penetrate through a layer 
having a thickness cf 10 A units increases 
exponentially with decreases in thickness below 
this value. Therefore, for intermediate layer 
thicknesses of the order of say 5 A units, 
40 the change in thermal conductivity is still 
relatively small so that a favourable relation- 
ship between the electrical and thermal con- . 
ductivities is produced even with layer thick- 
nesses of the latter mentioned order. 
45 The intermediate layer 2 has thus become 
conductive for the electric current on account 
of the wave-mechanical tunnel effect, whereas 
its heat conductivity, which is known to be 
low for insulators, remains practically un- 
50 changed. The conductor 4, is, therefore, elec- 
trically connected to the wall 1 through the 
plate 3 and the intermediate layer 2. The 
intermediate layer 2 only functions then as 
a heat insulator. 
55 In accordance with the principle illustrated 
in Figure 2, an electrically conductive sub- 
stance may be constructed consisting of an 
electrically insulating or electrically poorly 
conductive carrier substance in which is em- 
50 bedded particles of semi-conductor material, 
doped with an impurity, in a very fine and 
very even distribution, e.g. as a powder. The 
electrically conductive substance has the 
characteristic that, by the choice of the plur- 
65 ality of the particles suspended in the carrier 



substance per unit volume, the Lorenz num- 
ber A//cT of the electrically conductive sub- 
stance is reduced, in particular by about 10% 
or more, compared with the Lorenz number 
of the electrically conductive particles. The 70 
electrical conductivity of the first mentioned 
substance is, therefore, dependent on the 
shape, size and distribution of the particles 
in the carrier substance. The Lorenz number 
is defined as the ratio of the heat conductivity 75 
-A. to the electrical conductivity k> and it is 
an object of the present invention to make this 
ratio as small as possible, ue. to reduce the 
Lorenz number of the electrically conductive 
substance. 80 

t , Ha E g riick i ll i l in i ln i 
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. ..^coa & 

ju j d 10OA unite? T he electrically i'nci^^w«jj 

oe^for instance, organic varnisnes- s^ rherjr 
materials, iuasganic insulators, glass or Ceramic 
ipattmls. 

There are various possibilities for producing 
the distance between the suspended particles 
which is favourable for the manifestation of 
the tunnel effect. The carrier substance may, 
for instance, have a large electrical dipole 
moment. The particles suspended in the 
carrier substance are then charged approxi- 
mately equally so that repelling Coulomb 
forces act upon them. At a certain distance 
between the embedded particles, which is 
approximately between 5 and 100 A units, 
the forces are balanced, and if the concentra- 
tion of suspended particles in the carrier sub- 
stance is suitable one can achieve a distance 
between the particles which is favourable for 
the tunnel effect to occur. The required 
distribution can also be obtained, for instance, 
by mechanical high-frequency vibrations by 
means of supersonic waves. In this case, too, 
the suspended particles are charged and, with 
a suitable concentration of suspended par- 
ticles, a balance of forces again occurs at a 
distance therebetween favourable for the 
tunnel effect to occur. 

The charged particles of the suspension 
may alternatively be spaced at the aforesaid 
distance by applying a potential across a con- 
ductor which consists of the carrier sub- 
stance containing the suspended particles. The 
charged particles migrate then along the re- 
sulting voltage gradient, as is known from 
the so-called electrophoresis, and the required 
distribution of the particles in the carrier sub- 
stance can be produced. 

Semi-conductors cover themselves easily 125 
with a relatively thick, non-conductive oxide 
skin, so that the small distance required for 
the appearance of the wave-mechanical tunnel 
effect may not .be obtained any more. How- 
ever, the formation of this oxide .skin can be 130 
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prevented by a thin coating (approximately 
ma) of precious metal or precious metal alloy. 
The previous metal coating must be very thin 
since it acts as an electrical shunt which tends 
to deteriorate the electrical properties of the 
substance. 

Alternatively, it is also possible to produce 
the distance favourable for the manifestation 
of the wave-mechanical tunnel-effect by means 
of these oxide skins if the thicknesses thereof 
are suitable. 

Alternatively, chemical compounds, e.g. 
fluorides, hydrides, carbides or nitrides, may 
be produced on the surface of the semi- 
conductor particles in a suitable atmosphere, 
and the thickness of the coating formed by 
the chemical compound may be chosen so that 
the particles have the required distance be- 
tween their electrically conductive nuclei even 
if they tcuch each other. 



^th^J^olatin^-ffiteim 

^gacridesf^iydnide^ini 

A further reduction in the Lorenz number 
of the electrically conductive substance that 
is, the carrier substance and the particles, 
can be achieved by embedding small gas 
bubbles in the suspension, so that it possesses 
a foamy or porous consistency, as is usually 
present when produced by sintering. 

The method suggested by the invention leads 
to a particularly large improvement of the 
thermo-electrical properties, ue. a large re- 
duction of the Lorenz number, if the electric- 
ally conductive particles have a large thermo- 
power and large electrical conductivity and 
in which the heat conductivity therein is 
caused essentially by the grid oscillations and 
only to a very small extent by the electrons. 
The reduction of the Lorenz number is 
greatest when the portion of the heat con- 
ductivity due to the grid of the electrically 
conductive substance is made equal to the 
electron heat conductivity of this substance 
through the suitable choice of the distance 
between the particles suspended therein. This 
is explained in more detail by the following, 
consideration : — 

If L is the Lorenz number of a thermo- 
electrical material with large thermo-power 
and large grid heat conductivity Ag, which 
is used as the particle material, and this 
material has a small electron heat conduc- 
tivity A„ which corresponds to the electrical 
conductivity * according to the Wiedemann- 
Franz-Lorenz law, then the Lorenz number 
L of the particles is given by:— 
(1) L=A.+V*T 
where T is the absolute temperature. 
The intermediate layers formed by the 



carrier substance and /or the aforesaid 
chemical compounds on the surface of the 
particles must lead to a reduction of the grid 
heat conductivity of the electrically conduc- 
tive substance, that is, the carrier and the 70 
particles. The heat conductivity of this sub- 
stance is given by A x .k* is the electrical 
conductivity of the latter substance, which 
is electrically conductive on account of the 
tunnel effect, and to which corresponds an 75 
electron heat conductivity A* e according to 
the law of Wiedemann-Franz and Lorenz. 
The Lorenz number L 1 of the electrically 
conductive substance is then given by: — 

(2) V=X\+K/^T 80 
Since, according to the Wiedemann- 

Franz-Lorenz law, it is always \the case 
that: — 

(3) A 0 /kT=A 1 6 //c 1 T^2.5 X 10- 8 V7temp. 
(degrees) 2 85 

L 1 will always be small than L, if: — 

since A a <Ag. 

The greatest reduction of the Lorenz num- 
ber which can be obtained is given when 90 
the distance between th^suspended particles 
is chosen such that \ Z ^X\. 

From equations (2) and (3) 

(4) L^LMet.i^SxlO-^/tempXdegrees) 2 * 
The Lorenz number L is a constant for 95 

pure metals and is denoted in the above 
equation by the expression L Meta i- 

The improvement in the thermo-electrical 
properties of the electrically conductive sub- 
stances will become particularly evident if one ^0 
considers the so-called work factor A of a 
thermocouple. It is given by the relation: — 

A= 

(VLx-ta/Ls)* 
where c is the thermo-power, and Li and L^ 
are the Lorenz numbers of the materials of 105 
which the two branches of the couple consist. 
The thermo-power reaches more than 1000 /x 
V/temp.(degrees) in arrangements according 
to the invention. If both branches of the 
couple consist of an efcctrically conductive 110 
substance the Lorenz number of which is 
L l , as referred to above, then: — 
e 3 

A~ 

4L 1 

With the numerical value for L 1 obtained 
from equation (4) and a value for the thermo- 115 
power of e^500//iV/temp.(degrees), there 
results a work factor of approximately 13, 
whereas it is only 0.6 for the best thermo- 
couples known at present. 

The following semi-conductor particles 120 
doped with an impurity, e.g. doped A m B7 
compounds, silicon, silicon-carbide and ger- 
manium, are particularly suitable as sub- 
stances with a large electrical conductivity and 
a large thermo-power as well as a large grid 125 
heat conductivity. 
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Doping may be accomplied in particular 
by diffusion; die semi-conductor powder, for 
instance, may be tempered for a sulficiendy 
long time in a suitable atmosphere, e.g. boron 
or antimony vapour. Doping may, however, 
also be carried out together by a sintering 
process. For a large reduction of the Lorenz 
number it is favourable to use semi-conductor 
powder with as fine a grain as possible, in 
particular with particles not larger than 1 ju. 



10 



20 




25 



30 



35 



40 



45 



50 



55 



60 



65 



^dif fega^ubs tar^ 




&gfuAa^a^l i^ ^ 

> as shown in Figure 5. 



trically conductive to an extent greater than 
that corresponding to the specific conductivity 
of the material, and wherein the Lorenz num- 
ber of the substance is low compared with 
the Lorenz number of the particles. 70 

2. An arrangement as claimed in Claim 
1, wherein the Lorenz number of the said 
substance is lower than that of the particles 
by not less than 10%, 

3. An arrangement as claimed in Claim 1 75 
or Claim 2, wherein the said spacing be- 

<^pg^thfifflTM^ tween the particles is between 5 and 100 A. 

%stansep^ 4. An arrangement as claimed in any of 

£aefc lsi rr!Sc^ Claims 1 to 3, wherein each of the said 

^pfestaneef^wheEsi^ particles is not larger than 1 /*. 80 

inlQsalhefiear^ie^ 5. An arrangement as claimed in any of 

3SS££-£ggigg^^ Claims 1 to 4, wherein the particles are doped 

leBKeaEHeEcsuhStaaee^ofo by a diffusion process. 
^Thesofhtn^ranfilfc^^ 6. An arrang ement as claimed in _any of 

<S*aiajKaEaqiifi^ Claims 1 to 5, wherein the electrically insulat- 85 

arttefgR?^^ ing or electrically poorly conductive material 

ienP^P^* . has a high electrical dipole moment. , 



7. An arrangement as claimed in any of 
Claims 1 to^ wherein the electrically insulat- 
ing or electrically conductive material is a 90 
carrier material and the particles are suspended 
therein. 

8. An arrangement as claimed in Claim 7, 
wherein the process of placing the particles 

in suspension is effected by means of super- 95 
sonic waves. 

9. An arrangement as claimed in Claim 
7, wherein the process of placing the particles 
in suspension is effected by means of electro- 
phoresis. 100 

10. An arrangement as claimed in any of 
Claims 7 to 9, wherein the suspended par- 
ticles are coated with a layer, 1 p. thick, of a 
precious metal or previous metal alloy. 

11. An arrangement as claimed in ariy of 105 
Claims 1 to 6, wherein the electrically insulat- 
ing or electrically poorly conductive material 

is composed of chemical compounds of the 
the particle material. 

12. An arrangement as claimed in Claim U0 
11, wherein the electrically insulating or elec- 
trically poorly conductive material is com- 
posed of the oxide skins of the particle 
material. 

13. An arrangement as claimed in any of 115 
Claims 1 to 12, wherein the mechanical 
rigidity of the said substance and/or the 
required spacing between the particles is pro- 
duced by a sintering process and/or com- 
pression at high pressure. 120 

14. An arrangement as claimed in any of 
Claims 1 to 13, wherein small gas bubbles 
are suspended in the said substance which 
bubbles give the substance a foamy or porous 
consistency. 125 

15. An arrangement as claimed in any of 
Claims 1 to 14, wherein each of the said 
members consists of the said substance. 

16. An arrangement capable of exhibiting 

the thermo-electric or Peltier effect substan- 130 



ffibKofafes^Jfei^fe 
theiesaH^sdOTaB 

In the embodiment of Figure 5 the Peltier 
"discs" are illustrated by the elements 12 
and 13. The elements 12 consist, for instance, 
of metal, and the element 13 of an electrically 
conductive substance formed in a manner 
described above. Figure 6 is a magnified 
junction. If a current caused by the voltage 
source 16 flows through the arrangement of 
Figure 5, the junctions 14 and 15 rise to 
different temperatures T 3 and T 4 . Alterna- 
tively all "discs" may consist of the latter 
mentioned substance. 

WHAT WE CLAIM IS:— 

1. An electrically conductive arrangement 
including two electrically conductive members 
in mutual contact and capable of exhibiting 
the thermo-electric or Peltier effect, at least 
one of which members consists of a sub- 
stance including a plurality of particles sepa- 
rated by, and in contact with, a material nor- 
mally electrically insulating or electrically 
poorly conductive, wherein the particles con- 
sist of a semi-conductor material doped with 
an impurity and wherein the spacing between 
the particles is such that whereas the thermal 
conductivity of at least that portion of the 
material located between the particles remains 
substantially constant the said portion is elec- 
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tially as hereinbefore described with reference For the Applicants: 

to Figures 3 to 6 in the accompanying draw- G. F. REDFERN & CO., 

ing. St. Martin's House, 177, Preston Road, 

Brighton. 
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COMPLETE SPECIFICATION 

This drawing is a reproduction of 
the Original on a reduced scale. 
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